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1. INTRODUCTION

Summer operational thunderstorm probability forecasts, developed by Reap
and Foster (1975), were implemented during June 1975. These forecasts
were distributed to forecast offices nationwide via facsimile and the
FAA's request/reply system. They were designed to be used as guidance
material for forecasters preparing local and regional forecasts. This
paper describes our verification of the thunderstorm probability fore-—
casts issued during the 1975 summer season.

2. THUNDERSTORM PROBABILITY

The thunderstorm probability forecasts were based on equations derived

by applying multiple screening regression techniques to model predictors
archived on magnetic tape and to predictands tabulated from manually-digitized
radar (MDR) data (Reap and Foster, 1975). The model predictors were 24=hr
forecasts from the National Meteorological Center (NMC) six-layer primitive
equation model and the Techniques Development Laboratory (TDL) three-~dimensional
trajectory model. The MDR data were collected from hourly teletype reports
and archived on magnetic tape. The data were coded for blocks 40-45 nautical
miles on a side, whose configuration is shown in figure 1. An MDR value

of 4 or greater observed within the period + 3 hours from 0000 GMT defined

a thunderstorm occurrence. As a result, probabilities developed are valid

for a 6-hr period centered at 0000 GMT for each block in the MDR grid area
shown in figure 1. 3In effect, this corresponds to a 21-27 hr forecast based
on 0000 GMT initial data.

3. VERIFICATION METHOD

Verification was completed in two steps. First, an intermediate data

set was created composed of individual daily records containing the fore-

cast probability value and highest MDR code reported for each MDR block

in the 6-hr period centered on 0000 GMT. 1In the second step, verification
statistics were actually computed from the intermediate data set and tabulated
for visual inspection.

There are a number of verification statistics and scores available for
measuring the accuracy of probability forecasts. We decided on two scores
that we believe provide sufficient information for a comprehensive analysis
of the forecasts.

These scores were computed for individual MDR blocks for 10 probability
categories, for each MDR block for all categories, for the whole MDR grid
for all categories. Limits of the 10 forecast probability categories selected



were as follows: 0.00 to 0.09, 0.10 to 0.19, 0.20 to 0.29,.000..., 0.90 to
0.99. The basic tabulation consisted of the number of forecasts and the
number of thunderstorm occurrences for each MDR grid block and for each
category. From this tabulation a forecast score, F, and a P score were
computed for each MDR block and for each forecast category. The F score
used here is defined as:

F= (NXR) -0 x 100
N

where

= Number of forecasts
Average probability of those forecasts
Number of thunderstorm occurrences

N
R
0

For example, if there were 100 forecasts within the 50% to 59% probability
category, with a mean probability of 55%, and 55 thunderstorms occurred,

F score would be O percent (perfect). If there were no occurrences, F score
would be +55% (overforecast). If the average probability was O percent and
55 thunderstorms occurred, F would be -55% (underforecast). The range of

F is from <100 to +100 percent, with O percent being a pefect score. This

F score may be considered a measure of bias or forecast reliability.

The P score as used here is defined as:
N
Pwo 3 ® - 1)
i

00
N i=1 i =

A perfect score is 0 and worst possible score is 100, The P score measures
both reliability and resolution, i.e., the ability of the predictive equation
to correctly forecast extreme probability values. When applied to a single
probability category as in table 1, it measures primarily only reliability
just as the F score, but with greater emphasis on large errors.

4. VERIFICATION STATISTICS

Table 1 shows a sample listing of the raw statistics for the entire MDR
grid for each day of the verification period, which included a few test
runs made in early June followed by a fairly complete series of operational
forecasts from June 12 to September 30. The tenth category, 0.90 to 0.99,
was not included since no forecasts were made for this category. 1In the
fourth column from the right there is tabulated the sum of the thunder-
storm occurrences for that date. To the right of this column is tabulated
the sum of the forecast blocks expected to have thunderstorm occurrences
for that date, i.e., the sum of the forecast probabilities. To the right
of this column are the F score and the P score for the whole MDR grid for
that date.

Table 2 shows a listing of verification statistics for each MDR block
during the entire verification period. The I and J block indentifiers
refer to those illustrated in table 1. For example, Kansas City lies in



MDR block identified by I = 10 and J = 14. Referring to this block in table
2, one sees that 28 forecasts were made in the 0.00 to 0.09 category. Two
forecasts were accompanied by thunderstorms for an F score of 3 percent and
a P score of 7. For all categories there were 16 forecasts accompanied by
thunderstorms. According to the average probability, one would expect 20
thunderstorm occurrences for that block. This makes an F score of 3 percent,
just slightly overforecast, and a P score of 13. 1In this way a reader may
determine how accurate the guidance was for any locality in the MDR grid.

Table 3 shows a summary of statistics for each forecast category for the entire
MDR grid for the June-September verification period. Of the 81,234 forecasts
made, 19,706 had thunderstorm occurrences. This resulted in an average probability
of occurrence of 24 percent. The average forecast probability was 23 percent,

or 18,658 forecasts expected to be accompanied by thunderstorms. The overall

F scores was -1 percent, slightly underforecast, and the total P score was 0.15.
(The P score in this table has not been multiplied by 100.) For the whole

grid, the thunderstorm probability forecast equation performed quite well.
However, when examining the F score on a regional level (see figure 2), under-
forecasting was found over the southern states. P scores (see figure 3) were
also higher for the same area. Tables 2 and 3 show that forecasts in categories
betweén 0.40 and 0.69 would have verified better if they had been one or two
categories highercespecially in the southern states. The daily F scores (table 1)
showed more days with minus scores than plus scores, but there appeared no
definite trend throughout the season. We believe that the primary cause of
underforecasting was the large departure of daily thunderstorm frequencies from
the six-month average frequencies used in developing the forecast equation.

Steps have been taken to correct this deficiency for the 1976 season as explained
bélow.

5. SUMMARY AND FUTURE PLANS

The thunderstorm probability forecasts, when verified for the whole MDR grid
and for the whole season, were excellent. However, when studied on a regional
basis the probabilities were generally too low over the southern states where
thunderstorm frequencies are the highest.

Future plans call for updating the current thunderstorm probability equation
by including both 1974 and 1975 MDR data in the development sample. Daily
frequencies interpolated from monthly values will be offered as a predictor
instead of six-month average frequencies in deriving the regression equation
for 1976. Monthly values will be applied at the middle of the month and a
linear interpolation applied on a day-to-day basis between mid-months. We also
plan to develop a separate thunderstorm equation for the winter season from
January through March.
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Figure 1. MDR grid region. Data from shaded overwater blocks were not

used in the screening regression procedure. Neither were forecasts made

for these blocks,.
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